will set off the reaction prematurely. With reactor-grade plutonium, the probability of such "pre-initiation" is very large. Pre-initiation can substantially reduce the explosive yield, since the weapon may blow itself apart and thereby cut short the chain reaction that releases the energy. Calculations demonstrate, however, that even if pre-inMation occurs at the worst possible moment (when the material first becomes compressed enough to sustain a chain reaction), the explosive yield of even a relatively simple device similar to the Nagasaki bomb would be of the order of one or a few kilotons. While this yield is referred to as the "fizzle, yield," a 1-kiloton bomb would still have a ratals of (Jestnictiori roughly ofre-ihird that of the Hiroshima weapon, mafcijjg it a potentially fearsome explosive. Regardless of how high the concentration .of .teo&blesome isotopes is, the yield would not be less. With a more sophisticated design, weapons could be built with reactor-grade plutoniuBi&at would be assured of having higher yields.2
Dealing with the second problem with reactor-grade plutonium, the heat generated by Pu-238 and Pu-240, requires careful management of the heat in the device. Means to address this problem include providing channels to conduct the heat from the plutonium through the insulating explosive surrounding the core, or delaying assembly of the device until a few minutes before it is to be used.
The radiation from, Americium-241 means that more shielding and greater precautions to protect personnel might be necessary when building and handling nuclear explosives made from reactor-grade plutonium. But these difficulties are not prohibitive.
In short, it would be quite possible for a potential proliferator to make a nuclear explosive from reactor-grade plutonium using a simple design that would be assured of having a yield in the range of one to a few kilotons, and more using an advanced design. Theft of separated plutonium whether weaponS'grade or reactor-grade, would pose a grave security risk.
lFor a useful figure showing the buildup of tiese isotopes as a function of irradiation time, see J, Carson Mark,. **E$plosive Properties of Reactor-Grade Plutonium," Science and Global Security, VoL4.no. 1,1993, pp. 111-128.
2See W, G. SutcUffe and T.J. Trapp, eds., Extraction and Utility of Reactor-Grade Plutonium for Weapons, Lawrence Livermore National Laboratory, TJCRL-LR-115542, 1994> {3/RJ». For unclasped discussions, see- J. Carson Mark, op, eft.
The Pu-24Q content even to weapons-grade plutoniom is. Sufficiently iarge that very rapid .assembly is necessary to prevent preinitiation. Hence $ie simplest type of nuclear explosive, a "gun type," in which the optimum critical configuration is assembled more slowly than in an "implosion type'' device, cannot be made with plutonium, but only with highly enriched uranium, in which rare. The makes HEU an even more attractive material man plucpnium for , with limited access to sophisticated technology. Bite material can, be^useC
,!_-                                                          •            "     '
ee.hts the importance of tight controls over these materials.Standard Book Number 0-309-05042-1
